The present paper describes a proposal of multiple reuse of wastewater for the town of Camigliatello Silano, in the province of Cosenza, Italy. Camigliatello Silano is a locality devoted to agriculture and to both winter and summer tourism. There are several issues related to the management of water resources of the locality, including the lack of regularization of the discharge of urban wastewater with Italian and European regulations, poor availability of the resource for the irrigation sector, and necessary improvements in winter tourism. To solve these problems, this paper proposes a possible solution for the management of the water resources of the locality, through the reuse of wastewater.
INTRODUCTION
The concept of sustainable development and the increasing pressure on water resources have led to the definition of projects and programs for the conservation of water resources.
The sustainable management of water resources requires the identification of solutions to rationalize and optimize the use of available resources by improving the level of satisfaction of the demand and reducing the impact on the environment.
In this direction, important aspects are proper planning and management of water supply systems, the proper allocation of resources on a territory (Maiolo & Pantusa ) and the evaluation of the vulnerability of water systems and risk analysis of drinking water (Maiolo & Pantusa ) . The increase in problems related to drought and water scarcity also require the identification of possible solutions of integration between different availability of water resources through, for example, the reuse of treated wastewater. The recovery and reuse of wastewater responds, in fact, to multiple objectives of water protection and optimization in the use of natural resources, such as:
• availability of additional water resources for productive sectors;
• quantitative and qualitative protection of water resources through the reduction in withdrawals from surface and ground water;
• reduction of impacts on receptor water bodies.
The possibility to reuse wastewater also implies, however, a series of problems concerning technical, economic and sanitary aspects that need to be suitably considered.
In this context, this paper describes a proposal of reuse of treated wastewater in agriculture and of the production of artificial snow that identifies, according to a rational and sustainable management of water resources, a possible solution to the various problems of the area under examination.
Agriculture is the sector with the greatest impact in terms of its pressure on water balances; it is estimated, in fact, that in the world, the water resource used for irrigation purposes is about 70% of that available (Alexandratos & Bruinsma ) . The reuse of treated wastewater in the agricultural sector, is therefore, particularly interesting and various studies were conducted in several countries worldwide.
The reuse of wastewater in the agricultural sector leads to a number of possible advantages, but it also entails a series of problems related to ecological and sanitary aspects, which cannot be neglected. For agricultural land, treated wastewater represents a source of fertilizers, nutrients and macro elements. However, the discharge of wastewater into the soil also implies a number of negative aspects, related to the risks arising from the entry of substances that may be harmful to the soil and the crops, through the possibility of accumulation and passage of these substances into the food chain.
In literature there are now several experiments conducted on the reuse of wastewater for irrigation purposes which have obtained excellent results: irrigation of green areas (Chen et al. ) , irrigation for agricultural purposes for the production of tomatoes, lettuce, eggplant with membrane treatments (Lopez et al. ) , irrigation for the production of potatoes with treatment by sand and membranes filters (Forslund et al. ) , irrigation for the production of watermelons with combined treatments by membrane and reverse osmosis (Oron et al. ) .
Regarding wastewater reuse for snowmaking, it is an innovative approach. The water for snowmaking is, in fact, drawn generally from the waters of streams and rivers, from springs, from ground water, from natural or artificial lakes and sometimes from water networks, or through conduits of the hydroelectric plants. Thinking of melting snow, which effectively produces irrigation of the slopes, wastewater reuse for snowmaking can be reasonably considered as a type of reuse for irrigation of green areas, or for recreational and sporting activities.
An important aspect to consider in wastewater reuse is the high bacterial load; subjecting, however, the waters to tertiary treatments and tertiary pushed, the bacterial load can be reduced to values even lower than those present in the waters generally used for snowmaking (Lopez et al. ) .
A recent study conducted in seven parks in Beijing, to evaluate the effects of irrigation with the reuse of waste water (Chen et al. ) , showed an increase of nutrients in the soil, such as nitrogen and phosphorus, with an increase of the organic substance of 6-17%, without significant pH 
STUDY AREA AND CURRENT WATER SUPPLY SYSTEM
Camigliatello Silano is a mountain highland situated 1,300 m above sea level. The local economy is based mainly on tourism and agriculture.
Located in the National Park of Sila, Camigliatello Silano is a tourist destination for nature activities such as hiking, mountain biking, fishing and walking along the shore of the Cecita lake. Due to snow falling in the winter months, this highland is a great center of attraction for snow sports, and there is a popular ski resort.
The current water supply system is fed by three intake structures on the Tasso stream (Figure 1 ):
• the first intake structure feeds the water distribution systems of the locality;
• the second intake structure feeds the existing snowmaking system;
• the third intake structure feeds the irrigation system.
Regarding the water distribution system of Camigliatello Silano, it is possible to satisfy the user demand; however, the wastewater treatment plant serving the town discharges into a ditch which, in turn, flows into the artificial Cecita lake.
This condition forced the competent authority not to author- To cope with the decreasing snowfall, some years ago the ski resort adopted a snowmaking system; this snowmaking system is constituted by the intake structure on the Tasso stream with a small storage capacity, and by an electric network with relative transformer cabin; along the edges of the ski runs wells with water and electricity outlets which are connected to the low-pressure type fan snow guns are positioned. This snowmaking system is subject to problems related to insufficient availability of water of the stream, which, during the peak demand of the snowmaking system, is in the lean period. This situation is further aggravated by poor snowfalls in recent years.
Considering the amount of water required for the first snowmaking, the small storage capacity of the existing snowmaking system and the flow rate of the Tasso stream, it was noted that an increase of about 22% of water availability would be necessary for the snowmaking system. Furthermore, the rapid emptying time of the tank (about 1 hour) does not allow for easy snowmaking.
Regarding the irrigation system of the study case, it is constituted by the intake structure on the Tasso stream, from which the water resource, by means of the pumping station, is sent to a small rectangular tank. From the tank, the water resource is sent to the Contrada Molarotta agricultural area which has an area of about 200 ha ( Figure 3 ).
The irrigation system of the Sila highlands was built in the early 1900s and was designed for an extensive type of agriculture; as the agricultural sector over the years evolved into an intensive system, today, the infrastructure and available water resources are no longer adequate to meet the current demand of the agricultural sector. It has been estimated that about 30% of farmers are forced to draw water from the Cecita lake, to satisfy their own needs. Reduced rainfall and increased droughts contribute to aggravating the situation.
There are, therefore, several problems related to the management of water resources in the area, the solution of which would have positive effects on the economy of the territory, on the environment and on water resources themselves.
The solution proposed in this paper provides:
• a reuse for irrigation in the period from April to October that allows the increase of water resources in agriculture and limits the negative effects of water scarcity in the sector; • an innovative reuse for the production of artificial snow in the period from November to March, that would allow a longer skiing period, being able even to meet the needs of the entire ski season.
The proposed solution also solves the problem of regularization of the discharge with positive effects on the environment and water resources.
DESCRIPTION OF THE PROPOSAL FOR MULTIPLE REUSE OF URBAN WASTEWATER
As mentioned above, the proposal for multiple reuse provides the reuse of urban wastewater for irrigation purposes and for snowmaking.
Proposal of reuse of wastewater for snowmaking
To produce artificial snow, tiny droplets of water must be sprayed in the winter cold air. A part of the water evapor- Normally, a snowmaking system consists of the following elements: collection system and water tank, pumps, pipes (water, electricity, compressed air), withdrawal points, sheds, compressors (for high pressure implants), fuel systems for electricity and underground cables, control system, refrigeration equipment (optional), small meteorological station and snow machines.
In snowmaking, the water resource plays a key role. It is in relation to this last point, namely the large quantities of water resources necessary for the production of artificial snow, that the possibility of reusing wastewater as an alternative water supply source for snowmaking systems should be concretely assessed. 
Proposal of reuse in agriculture
In the area of the case study, the I. Interventions to be implemented for the multiple reuse of urban wastewater
The interventions necessary to allow the multiple reuse of urban waste water of the local sewage treatment plant essentially consist of the realization of the works described below, represented in Figure 5 and through the simplified functional scheme of Figure 6 .
• Construction of a pumping station (R1), at the exit from the wastewater treatment plant, from which the wastewater will be pumped to the phytoremediation basin (C).
• Construction of a pressurized pipeline (p1), about 1,100 m length, from the pumping station (R1) to the phytoremediation basin (C).
• Construction of phytoremediation basin type H-SSF as tertiary treatment, using and transforming the current accumulation tank of the irrigation system (C).
• Construction of a basin of accumulation, adjustment and refining (B) of 60,000 m 3 , which will be used both for irrigation, and for the production of artificial snow; substantially it is a small lake, where the water is accumulated, regulated and refined after exiting the phytoremediation basin.
• Installation of a system of disinfection of the water using UV rays at the exit from the basin (B), before being sent to the reuse.
• Construction of a gravity pipeline (P2), about 2,200 m length, from the basin (B) to the pumping station (R2).
• Construction of a pumping station (R2), to raise the water from the gravity pipe (p2) to the underground tank (A), at the service of the production of artificial snow system.
• Construction of an underground water storage tank (A) placed in the final part of the ski slopes with a volume of 4,500 m 3 , adjacent to the current accumulation tank Specific electrical conductivity (20 
COST-BENEFIT ANALYSIS OF THE PROPOSED INTERVENTION
The cost-benefit analysis method carries out a comparative analysis of the advantages, in terms of collective welfare improvements, and cost, in terms of resource prices, concerning the various possible policy interventions.
Before proceeding with the cost-benefit analysis, it is necessary to make a brief consideration on the reasons for the implementation of interventions. The examined interventions are aimed at the resolution of the problem, previously described, of the lack of authorization to discharge of the Camigliatello Silano sewage treatment plant; this issue is, indeed, very serious as the municipal administration is subject annually to an administrative sanction from 6,000 € to 60,000 €, and the Region Calabria in turn is subject to an infringement procedure by the EU for matters of water depuration.
The possible solutions are:
1. the one proposed in this paper, which provides a multiple reuse of waste water;
2. the solution of catchment and discharge into the river Neto.
The costs of the planned works are summarized in Table 3 ; these costs were determined using the average prices, obtained taking into account regional price lists and those of the market. A lower cost for the solution of multiple reuse is to be highlighted.
The benefits were evaluated in terms of improvement of general well-being: for both solutions, an important benefit is to respond to regulatory compliances.
As for the solution of catchment and discharge into the river Neto, there are no other benefits, while in the case of multiple reuse of wastewater, the other benefits are:
• a lower environmental impact of waste water, in relation to the realization of a tertiary treatment of phytoremediation and a basin of accumulation, adjustment and refining;
• the realization of basin of accumulation, adjustment and refining useful for:
-agricultural purposes; -snowmaking, and subsequent resolution also of the problem of the primary resource shortage in the winter months;
-sporting purposes as a basin for fishing;
• saving of primary water resource, both for agricultural purposes, and for artificial snow. In fact, with the proposed solution, it is possible to cover the entire demand for artificial snow and 41% of the irrigation requirements, reducing withdrawals from the Tasso stream.
CONCLUSIONS
This paper describes a proposal of multiple reuse of urban wastewater in the tourist highland of Camigliatello Silano.
Through this proposal a real opportunity to reuse wastewater was evaluated by performing an analysis of the distribution system, of the morphology of the territory and of the wastewater treatment system of the locality under consideration.
The aim of the proposal is, therefore, the identification of a more rational management of the water resources in order to solve the various problems of the area under consideration. In particular, through the reuse in agriculture and the innovative reuse for snowmaking, this proposal identifies, according to a rational and sustainable management of water resources, solutions for three different problems of the case study:
1. adjusting of the discharge of urban wastewater to meet the existing Italian and European regulations; 2. protection of primary water resources and increase of snowmaking capacity;
3. increase of the availability of water resources for the agricultural sector where production was significantly affected by the decrease of water resources over time. 
